The aim of the present experiment was to determine the effect of sex and age on histochemical and morphometric characteristics of muscle fibres (myocytes) in lambs born by single, twin, triplet and quadruplet birth.
The Laticauda originated probably from the Northern African sheep, Berbera or Barbaresca, and it got the present characteristics thanks to subsequent crossbreeds with the sheep from the Apennines, the typical one from Southern Italy. Particularly, Laticauda is bred in the country of Benevento and Avellino and during the last years the head number has increased. This breed is traditionally reared in hilly farm pasture predominantly in sedentary breeding groups and the most common farming system is the "family farm type". Laticauda is a dual-purpose breed with the ability to produce good amount of milk and meat. Meat quality is affected by numerous factors including the growth stage and differentiation of skeletal muscle fibre types. The physiological differentiation of muscle fibres is a dynamic equilibrium which can vary during growth or as a response to the muscle work rate. Guth and Yellin (1971) noticed that muscle fibres continuously change during the animal's life as a functional demand adaptation and that the fibre type only reflects the fibre constitution at a certain moment. Henkel (1991) suggested muscle histochemistry as a tool for quantifying the effect of different treatments on the size of muscle fibres. In this study we have defined the skeletal muscle fibre populations of lambs by using different methods of m-ATPase and we have analyzed the postnatal development of these fibre populations between 60 and 120 days of age. Muscle fibre type may be classified based on the enzymatic activity; in this study the following nomenclature is used for myofibre types:
FG (fast-contracting with glycolytic metabolism) or IIB fibres; type SO (slow-contracting with oxidative metabolism) or I fibres and FOG (fast contracting-with glycolytic-oxidative metabolism) or IIA fibres. The information obtained by the distribution of different fibre types, their number and diameter and/or area, represent an element of paramount importance for the determination of some basis characteristics (morphological and functional) of the muscle that have great influence on some aspects of meat quality. Our study also intends to assess probable correlation between the birth type and weight. Particularly the lambs born by single birth had higher weight than lambs born by multiple births and the degree to which it was reduced was influenced by postnatal nutrition (Greenwood et al. 2000) .
Materials and Methods
We used sixty lambs (30 males and 30 females) coming from a farm located in Caserta (Italy) that were slaughtered at 60 and 120 days. The slaughter house had EEC mark with reference to rules 852/853/854/2004; 2076/2005; 1069/2009 . The animals were treated according to the guidelines of the European Community on the treatment of experimental animals (Reg. CE 1/2005; directives 74/577/EEC; Act 439 2 August 1978). They were born by single, twin, triplet and quadruplet births and were fed mother's milk until 60 days of age. All of the ovines had passed the obligatory health tests and had the characteristic pattern of the species.
Lambs were identified and weighed at birth, and the weight was checked weekly until the end of the study. The time periods for the slaughter of the lambs during the postnatal development to obtain the muscle samples were 60 and 120 days after the birth. We obtained the muscle samples surgically, and we used m. semitendinosus (St) and m. longissimus dorsi (Ld). To avoid possible morphological and morphometric alterations of the fibres, the samples were frozen during the first hour after the animal's slaughter in 2-methylbutane cooled in liquid nitrogen. Transverse serial sections (8 μm) were cut in a cryostat at -20 °C. The sections were stained histochemically for myosin ATPase (m-ATPase shows the muscular contraction) and succinic dehydrogenase (SDH shows the fibres metabolism) simultaneously on the same muscular fibres (Padykula and Herman 1955; Nachlas et al. 1957; Barany 1967; Edstrom and Kugelberg 1968; Guth and Samaha 1970; Solomon and Dunn 1988; Velotto et al. 2005) . The method used for the combined histochemical staining (acid m-ATPase + SDH) consisted of different phases. Acid pre-incubation was performed at room temperature for 20 min and was always followed by two 1-min rinses in CaCl 2 in tris hydroxymethyl aminomethane buffer rinses solution. Nitro blue tetrazolium (NBT) incubation was performed for the detection of SDH activity at 37 °C for 20 min followed by two rinses in distilled water. For the myofibrillar (acid) ATPase portions, the procedure was performed at 37 °C at pH 9.4 for 60 min along with two times for five minutes in CaCl 2 solution and incubation for 5 min in CoCl 2 solution. Finally, ammonium sulphide staining of the acid ATPase procedure was performed. Cover slips were placed over the stained tissue sections and fixed in place using glycerol jelly. Additional serial sections were also histochemically stained for detection of basic m-ATPase and SDH activities. The basic m-ATPase method consisted of different phases. Sodium-cacodylate and sucrose solutions were used for incubation for 5 min followed by two 1-min rinses in CaCl 2 in tris hydroxymethyl aminomethane buffer rinse solution. Sigma 221 and CaCl 2 solutions were used for 10 min at the range of pH 10.3-10.5 followed by two 1-min rinses in CaCl 2 and tris hydroxymethyl aminomethane buffer (Merck & Co USA) rinse solution. For the myofibrillar (acid) ATPase portions, the procedure was performed at 37 °C at a pH of 9.4 for 50 min along with one 30-s rinse in CaCl 2 solution and incubation for 3 min in CoCl 2 solution. Finally, ammonium sulphide staining of the acid ATPase procedure was performed. Cover slips were placed over the stained tissue sections and fixed in place using glycerol jelly. The SDH method was used for the second control procedure and consisted of different phases. Incubation in NBT at 37 °C was performed for 40 min followed by two rinses in distilled water. Finally, formaldehyde solution was used for 10 min. Cover slips were placed over the stained tissue sections, and fixed in place using glycerol jelly. Morphometric analyses were carried out using an interactive image analysis system (Leica CM 1100). The parameter of minimum diameter was selected as measurement of the fibre diameter to avoid possible errors because of tilted sections. In each muscle section at least 150 fibres of each type were analyzed using random fields. The average fibre size (area, perimeter, maximum and minimum diameter) was calculated. Data were processed by analysing the variances and means were estimated by following the general linear model (Proc GLM; SAS, 1992) in which the factors considered are fixed, and the effect of the other factors is expressed as deviation from the general average (μ).
The model used was: y ijklm = μ + Sex i + Bt j + Mu k + Ft l + (sex*Ft) il + (Bt *Ft) jl + (Mu*Ft) kl + εijklm. y ijklm = value of relative observation to the l mo fibre type of the k mo muscle; of the m mo subject of i mo sex, born of j mo birth type. Sex i = fixed effect of the i mo sex (I = 1,2). Btj = fixed effect of the J mo birth type (j = 1, 2, 3, 4). Mu k = fixed effect of the k mo muscle (k = 1, 2). Ft l = fixed effect of the l mo fibre type (l = 1, 2, 3). (Sex*Ft) il = fixed effect of the i mo sex with the l mo fibre type.
(Bt *Ft) jl = fixed effect of the j mo birth type with the l mo fibre type. (Mu*Ft) kl = fixed effect of the k mo muscle with the l mo fibre type. ε ijklm = residual error. Significance between the mean values was evaluated using Student's t-test.
Results
The birth weight was higher in lambs born by single birth than in lambs born by multiple births. Lambs born by single birth and slaughtered at 60 days after birth weighed more than those born by twin birth (5036.4 g vs. 4243.5 g; P < 0.05) triplet birth (5036.4 g vs. 2855.7 g; P < 0.01) and quadruplet birth (5036.4 g vs. 1986 .3 g; P < 0.01). A similar trend was noticed at 120 days after birth. Lambs born by single and multiple birth slaughtered at 60 days showed similar average daily increase in weight, even if lambs born by triplet birth showed a higher increment than those born by multiple births or single birth. At 120 days the daily increase of weight was highest in lambs born by triplet birth than those born by twin birth (112 g/d vs. 68.4 g/d; P < 0.05). Lambs slaughtered at 60 days and fed mother's milk only showed a similar live weight in all birth types considered, whereas the lambs slaughtered at 120 days and born by triplet birth showed weights higher than those born by twin births (22.12 kg vs. 18.58 kg; P < 0.05) and single birth (22.12 kg vs. 19.08 kg; P < 0.05). The histochemical staining results of muscle fibre types in the lambs were based on combined m-ATPase reactions, after acid (pH range 4.35-4.4) and alkaline (pH range 10.3-10.5) pre-incubations in St and Ld muscles. The muscle fibre types identified in the lambs could be classified in three types (Plate I, Figs 1, 2, 3, 4, 5, 6 and Plate II, Fig. 7) : type I or SO (slow-twitch oxidative), type IIB or FG (fast-twitch glycolytic) were moderately alkaline and acid-negative fibres, and type IIA or FOG (fast-twitch oxidative-glycolytic) were highly alkaline and acid-negative fibres.
In the lambs, the alkaline fibres (IIA) were highly oxidative and highly glycolytic, thus corresponding to type FOG fibres. However, some of the fibres had a weak glycolytic activity. The alkaline fibres (IIB) were mainly oxidative-negative and highly glycolytic, (1) * = P < 0.05; ** = P < 0.01; *** P < 0.001 which would correspond to type FG fibres. However, some of the fibres had highly oxidative activity. The percentage of FOG fibres in the Ld and St muscles were 45% and 38%, respectively, at 60 days and 52% and 44%, respectively, at 120 days. The FOG fibres were characterized by a more versatile oxidative-glycolytic metabolism, according to the necessity to obtain energy for the contraction. At 120 days an increased number of FOG fibres was noticed in the St and Ld muscles (+ 6% and + 7% respectively) accompanied by a reduction of SO fibre (-5% and-5% respectively). We studied the fibre type in males and females in order to detect differences in the birth type. In the first group of lambs (60 days) the females had larger fibres than the males, whereas the opposite was observed in the other group (120 days). The results of the analysis of variance showed significant interactions between muscle × fibre type, birth type × fibre type, sex × fibre type ( were 33% for FOG (994.26 vs. 662.24, P < 0.001), and 34% for SO (1332.95 vs. 877.74, P < 0.001). Non-significant differences were noticed between single and quadruplet birth in fibre area for FOG and SO. The other morphometric indicators showed a similar trend. In agreement with Velotto et al. (2005) who noticed a similar difference in the caput longum tricipitis brachii of the lamb, the dimensions of FOG fibres in Ld at 60 and 120 days were larger than in St (Table 4) . At 60 and 120 days no significant differences were noticed between Ld and St muscles in the fibre area for SO. FG fibres were larger in Ld muscle at 60 days; however, the opposite was observed at 120 days. 
Discussion
The present study demonstrates that the distribution and size of different muscle fibre types are affected by species, breed, muscle type, sex, birth type and that they in turn seem to affect the quality of meat. The results of this study show that lambs born by single birth and fed mother's milk have higher weights and larger fibres than those born by multiple births. Ruttle (1971) demonstrated that type of birth had the greatest influence on the birth and weaning weight of early weaned lambs. Lambs born as singles weighed more at birth than lambs born as twins and triplets. Besides, lambs weaned at 3 months of age were heavier than lambs weaned at 2 months and this difference was highly significant. Cimen (2006) indicated that it is possible that poor nutrition (especially for dams with twin lambs) during early postnatal life imposes a permanent limitation on fibre production ability and fibre diameter of the lamb. After weaning, the muscle fibre development varied in relation to the birth type: FOG and SO fibres developed more in triplet births than in single births. The effect was due to the limited amount of milk for the lambs. This result is assumed that the effect of birth type takes after 60 days of development, when it was made weaning. We know that the muscle function influences the final percentage of muscle fibre type.
Our study highlights that Ld muscle shows a high percentage of FOG. Ld is the intermediate and largest of the continuations of the sacrospinalis. According to Briand et al. (1981) this muscle exhibits both high oxidative and high glycolytic activity. In the St muscle at 120 days it was possible to notice an increase of FOG fibres and a reduction of FG and SO fibres. Some studies (Ashmore et al. 1972; Suzuki et al. 1988) suggest that in sheep the percentage and distribution of the different types of fibres, classified by means of the m-ATPase technique, are genetically determined in the semitendinosus, triceps brachii and abdominal cutaneous muscles. However, the percentage of the m-ATPase fibre types changed after birth in the quadriceps muscle (White et al. 1978) and in the longissimus muscle (Moody et al. 1980) . Velotto et al. (2005) studied the distribution of the three fibre types in two muscles of the Gentile of Puglia (caput longum m. tricipitis brachii and m. psoas major) and confirmed the high percentage of FOG fibres in both muscles considered. Our results show that the percentage of the fibres I, IIA, and IIB in the longissimus varies between day 60 and 120 of the development. Suzuki and Cassens (1983) analyzed in sheep the development of the fibres percentage in the growing serratus ventralis thoracis muscle. According to these authors, the number of type II fibres (IIA plus IIB) decreases from birth (80%) until 4 weeks after birth (65%) and remains constant until the end of development. However, type I fibres increase their number from birth (10%) until 4-weeks old (35%) but then the percentage is also constant. Our results in the longissimus dorsi muscle show that the percentage of IIA fibres increased between 60 and 120 days after birth, whereas the percentage of type IIB fibres decreased between 60 and 120 days after birth. However, in our study type I as the IIB one decreased during development.
The difference between our work and that of Suzuki and Cassens (1983) might be due to the fact that we studied different muscles. Some publications (Ashmore et al. 1972; Hawkins et al. 1985) suggest a transformation of the IIA fibres (of small size) into IIB fibres (of a bigger size) as an explanation for the increase of muscular size during the development. We think that the developmental course of oxidative and/or glycolytic fibres should be specifically tested in future works.
Some studies (Solomon et al. 1981 ) described different increases of percentages for certain aerobic fibres in the ovine longissimus muscle, and at 8 weeks after birth, Whipple and Koohmaraie (1992) found 48.6% of oxidative fibres and 41.6% of glycolytic fibres in this muscle. With respect to the size of fibre types, our results show that in the lambs slaughtered at 60 days the dimensions of fibres in the females are larger than in the males. The opposite was observed for the lambs slaughtered at 120 days. It has been suggested (Hawkins et al. 1985) that the increase in the carcass fat content is related to an increase in the red fibre size. This study also relates the size of the muscular fibres to the slaughtered weight, race and sex of the animals. Suzuki et al. (1988) proposed that in sheep the size of the type I fibres is similar to the size of the type IIB fibres in the hip and thigh muscles, as well as in other muscles (Suzuki 1971ab; Suzuki and Cassens 1983) . They also indicated that in sheep the glycolytic fibres (white) are not always bigger than the oxidative fibres (red).
Our results confirm the large size of the fibres IIB and I and the smaller size of the IIA fibres. It is also noticeable that all three types of fibres identified with the m-ATPase technique significantly increased their size only between 60 and 120 days after birth. In summary, with the use of an appropriate m-ATPase technique, the two fast fibre types IIA and IIB can be separated histochemically in skeletal muscle of lambs, even at early stages of postnatal development. McCoard et al. (2001) observed that twin neonate lambs sacrificed at 20 days had lower body weights and muscle weights compared to single born lambs. Lower muscle weights in twins were associated with smaller myofibre cross-sectional areas and lower total nuclei numbers and myogenic precursor cell numbers × muscle in selected hind-limb muscles. These results indicate that myofibre hypertrophy in late gestation and early postnatal life is related to myogenic precursor cell number which may have important implications for growth potential of the growth-restricted fetus. In agreement with the previous study our results highlight that at 60 days the lambs born by twin birth and multiple birth have fibres smaller than the lambs born by single birth. Fibre area in the lambs increased (P < 0.01) with age in both oxidative and glycolytic fibres (Whipple and Koohmaraie 1992). Our study demonstrates that the Ld muscle has shown a significant development in FOG fibre type higher than in the St muscle at 60 and 120 days while the opposite was observed for FG and SO fibres types. The present research shows the evolution of muscle fibre characteristics in the period 60-120 days of life for lambs born by single and multiple births. Significant interaction among the considered factors highlighted with variance analysis discussed in the previous section demonstrates that age, sex and birth type influence the dimensions of the fibres and consequently the meat quality. Meat quality is a term used to describe a range of attributes of meat. However, it is now becoming clear that variation in other factors such as the muscle fibre type composition and the buffer capacity of the muscle together with the breed and nutritional status of the animals may also contribute to be observed variations in meat tenderness (Maltin et al. 2003) . 
